Abstract During an outbreak of gastroenteritis in 28 children living in a small neighbourhood of Cuernavaca city (Mexico), a survey was performed to evaluate the confidence in coliform bacteria as sole indicators of potability of drinking waters. A primary infection by E. coli and a secondary by Pseudomonas aeruginosa was diagnosed in five of the children and the drinking water provided by a well was suspected as a transmission source. General and household distribution systems, household filters and bottled waters were evaluated for total and faecal coliforms, family Enterobacteriaceae, P aeruginosa and residual chlorine. In every sample, pathogenic/opportunistic bacteria were isolated even in the absence of coliforms and in the presence of residual chlorine. Arbitrarily assigned "pollution/risk levels" indicated that the most elevated risk was most frequently associated with storage in tanks and with bacterial colonisation in the pipeline system and commercial household filters where high levels of P aeruginosa were determined. A probability of correspondence between the presence of this bacterium and the secondary gastrointestinal infection diagnosed was found pointing towards a need for the inclusion of other microorganisms, one of which may be P aeruginosa, as indicators of health risk associated with drinking waters in Mexico.
Introduction
The most recent cholera epidemic in Latin America brought a benefit in that there was a renewed interest bythe Mexican government in increasing basic sanitation programs and providing adequate sewerage and really potable water to its population. As a result, the Clean Water Program was implemented as well as the updating of the drinking water standards (Norma Oficial Mexicana, 1996) . These standards state that bacterial potability must be assessed by the analysis of total and faecal coliforms plus free residual chlorine for disinfected waters. However, according to recent investigations, countries located in the tropical zones (such as Mexico) should not rely on these as pollution indexes since their survival and behaviour, as well as that of pathogens, in tropical and sub-tropical source waters is quite different than in temperate waters for which coliform indexes were developed (Hazen and Toranzos, 1990) . In many communities in Mexico, drinking water is supplied from natural sources (such as wells, lakes and rivers) and, in some cases, is not subjected to disinfection prior to consumption. Since potability is assessed based on coliform levels, it is very important to evaluate the suitability of these standards to determine the real health risks associated. An example of this is the study performed in a small, medium-class neighbourhood in the city of Cuernavaca, state of Morelos, where an outbreak of gastroenteritis affected 28 individuals (mostly children aged 1 to 5). Diarrhoea and vomiting caused severe dehydration, and thus hospitalisation, in five of the children. A primary infection by enteropathogenic Escherichia coli jointly with a secondary by Pseudomonas aeruginosa was diagnosed in all five children. Drinking water, food and autoinfection were suggested as possible transmission sources. During the field inspection it was found that drinking water was supplied from a deep well, pumped up to an elevated storing tank (where it is occasionally disinfected) and distributed by gravity to every house in the neighbourhood. Each house stored the water, in either a tank on the roof or an underground cistern, from where it is distributed through the house. Some families drink water directly from the faucet, some use commercial faucet filters or purchase purified bottled water for drinking. This custom of storing water in tanks or cisterns is very common in the country and is due to constant irregularities in the supply especially during dry seasons.
Materials and methods
The study was performed taking into account two types of distribution system. The general system is considered to be from the well to the house's inlet. Once the water enters each house it belongs to the household system. Sampling points (randomly selected but including those of the sick and the healthy) along the general system were located at the well (1), at the elevated tank (2) and at several inlets to houses (15). Within the household systems there were 30 sampling points: 11× roof tanks, 4× underground cisterns, 4× kitchen faucets, 4× washstand faucets, 6× commercial faucet filters and 1× purchased 20 L carafe. Analyses for total and faecal coliforms were performed by the MF technique (Mexican Norms) using M-Endo and M-FC culture media respectively. Members of the family Enterobacteriaceae were identified by the API20E system. Pseudomonas aeruginosa was quantified by the MPN technique using asparagine broth for the presumptive test and cetrimide agar for confirmation under UV light (APHA, 1995) . In situ analyses for free residual chlorine were performed with a specific ion electrode. Data were compared with the maximum permissible limits stated in the Mexican Norms (NOM): total coliforms = ≤2 CFU/100 mL, faecal coliforms = 0 CFU/100 mL, free residual chlorine = 0.2-1.5 mg/L.
Results and discussion
The analyses performed on the general distribution system showed that the water supplied to houses was in compliance with the Norms for total and faecal coliforms and was pathogen-free regardless of whether chlorinated or not. Numerical data of the 30 samples from household systems were grouped according with their values for total and faecal coliforms, presence/absence of pathogenic/opportunistic enterobacteria and levels of P aeruginosa and residual chlorine (Table 1) .
It can be seen that in 11/30 (37%) samples, no coliforms were detected but in all 11 samples pathogenic/opportunistic bacteria, such as E. coli, Edwardsiella sp., S. typhimirium, Serratia sp., Proetus sp. and Enterobacter sp., were isolated even when suitable levels of residual chlorine were present (6 samples). In almost half of these 11 samples, especially those from cisterns, kitchen faucets, filter effluents and the carafe, P aeruginosa was detected at levels from 4-25/100 mL. In the rest (19) of the samples (63.3%), the levels of coliforms were out of Norm and also pathogenic/opportunistic bacteria were detected. In a very high proportion (17) of these samples P aeruginosa was quantified in levels of 4-130/100 mL. Residual chlorine was detected only in one sample. It is interesting to note that in 4/6 filters tested the water quality was not suitable for drinking.
Using these data, arbitrary "pollution/risk levels" were assigned (Table 2 ) and the samples were classified accordingly: 12 (40%) resulted in low levels, 9 (30%) with moderate levels, 3 (10%) with high levels, and 6 (20%) with very high pollution levels.
Taking into account the type of sample and their respective pollution levels, the frequency at which the risk was present in the samples was determined (Table 3) .
It can be seen that waters stored in roof tanks were more likely to be contaminated perhaps due to a lack of proper maintenance of the containers which often were uncovered. Water supplied by kitchen and washstand faucets contained an important load of pathogenic and opportunistic bacteria possibly as a result of pipeline colonisation (biofilms). These problems are relatively common in potable water distribution systems and are considered important sources of gastroenteritis outbreaks since in biofilms there is a wide variety of bacteria, many of them pathogenic, which can be incorporated into the water and reach the consumer (Geldreich, 1996) . On the other hand, colonisation by P aeruginosa results in the production of certain enzymes capable of destroying E. coli cells thus giving negative counts for faecal coliforms which (according to the Norms) indicate that the water is safe for drinking. However, P aeruginosa is a well known opportunistic pathogen and has been identified as responsible for secondary intestinal infections especially in immunosuppressed or weak individuals (the sick, the old or small children).
The results from the commercial household filters (which are not cleaned or changed with the frequency recommended by the manufacturers) were very alarming. Some of the filters studied had been in continuous operation for two years without any maintenance. As a result, they may have become a transmission source for pathogenic and opportunistic bacteria. It is important to note that significant levels of P aeruginosa were detected in four of the filter samples which were installed in the homes of 4/5 hospitalised children. 
Conclusions
According to the results of this study, it can be concluded that the waters analysed were not adequate for human consumption since they contained microorganisms that, actually or potentially, may have caused gastrointestinal infections. The high levels of P aeruginosa in waters from filters indicate the probable relationship between the presence of this bacterium and the secondary gastrointestinal infection diagnosed in the children. The analysis of coliforms was not reliable as the sole parameter for establishing drinking water potability. Samples that complied with the maximum permissible limits for total and faecal coliforms contained pathogenic or opportunistic enterobacteria representing a risk to consumers' health. The "pollution/risk" levels assigned, determined that the most elevated risk for the health of consumers was most frequently associated with the storage in tanks and bacterial colonisation of pipes and household filters. Therefore, it is of utmost importance to promote the correct use of household filtration systems, as well as carrying out proper maintenance to storage systems (roof tanks and cisterns). This study pointed towards a need for the inclusion of several pathogenic/opportunistic organisms, one of which may be P aeruginosa, as indicators of health risk associated with drinking waters in tropical countries although there is a need for much research to be done in this area.
